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(54) Systems and methods for locating a tooth's apical foramen 



(57) An apical foramen locator that a dental or med- 
ical practitioner can use to quickly and accurately iden- 
tify the location of a patient's apical foramen during a 
dental/medical procedure is provided. The apical fo- 
ramen locator determines the location of the apical fo- 
ramen relative to a tool inserted into the patient's tooth 
by sensing an impedance - typically the voltage across 
two electrodes - and a stimulus voltage, and retrieving 
from an impedance map apical foramen location data 
that corresponds to the sensed impedance. The apical 



FIG 



foramen locator can include a power circuit operable to 
apply a stimulus voltage across two electrodes and a 
reference resistor, an impedance-sensing circuit opera- 
ble to read the stimulus voltage, a first voltage across 
the electrodes and a second voltage across the refer- 
ence resistor and a processing component operable to 
derive first and second voltage indices from the stimu- 
lus, first and second voltages. At least one impedance 
map is generated using the apical foramen locator on 
reference teeth and can be stored in a memory used by 
the processing component. 
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Description 

Background 

[0001] Many dental or medical procedures, such as 
cleaning a root canal, require the dental/medical practi- 
tioner to know the location of the apex of a patient's 
tooth. The apex is the location of the tooth's root where 
nerve, vascular and other tissue leave the jawbone and 
enter the tooth's root canal and is commonly referred to 
as the apical foramen. These dental/medical proce- 
dures typically involve inserting a file or other tool into 
the root canal of a patient's tooth to remove tissue from 
the canal. If the dental/medical practitioner does not in- 
sert the file or other tool to the apical foramen, nerve, 
vascular and other tissue can remain in the tooth's root 
canal. This remaining tissue can become infected and 
create more problemsforthe patient. If the dental/med- 
ical practitioner penetrates the apical foramen, healthy 
nerve, vascular and other tissue can be damaged. Such 
damage can cause unnecessary pain for the patient. 
Consequently, a number of methods and devices cur- 
rently exist to help the dental/medical practitioner deter- 
mine the location of the apical foramen of a specific 
tooth. 

[0002] One such method and devise includes taking 
numerous radiographs, such as x-rays with an x-ray ma- 
chine, of a patient's tooth while the dental or medical 
practitioner moves a dental tool in the root canal. Unfor- 
tunately, this method has some drawbacks. This method 
subjects the patient to multiple exposures of radiation 
as the dental or medical practitioner moves the dental 
tool toward the apical foramen. This method can also 
be very time consuming because the dental or medical 
practitioner does not move the dental tool while the pa- 
tient's tooth is radiographed and the radiographs devel- 
oped. This method can also fail to show the location of 
the apical foramen relative to a dental tool if the tooth 
cannot be isolated on a radiograph. 
[0003] Another such method and devise includes 
electronically detecting the apical foramen's location by 
measuring changes in impedance between an electrode 
in a patient's tooth (often the tool) and an electrode at- 
tached to the patient's lip. Typically, a stimulus voltage 
applied across these electrodes Includes two or more 
signals. One signal has a high frequency while the other 
signal has a lower frequency. By monitoring the changes 
in the impedance associated with each signal as the 
dental or medical practitioner moves the tool in the root 
canal, the dental or medical practitioner can obtain an 
approximate location of the tooth's apical foramen rela- 
tive to the tool. 

[0004] While this generally solves the problems asso- 
ciated with using radiographs, this method also has 
some drawbacks. Abnormal teeth, such as teeth with 
one or more lateral or accessory canals that also extend 
between a tooth's root canal and the surrounding jaw- 
bone, teeth with fillings, tooth decay and no apical con- 



striction can cause negligible or unpredictable changes 
in impedance when the stimulus voltage is applied to 
the electrodes. Thus, such methods and devices can 
provide the dental or medical practitioner with signifi- 
5 cantly incorrect information aboutthe location of the api- 
cal foramen relative to the tool. In addition, variations in 
each applied signal can cause an impedance response 
that incorrectly identifies the relative location of the api- 
cal foramen. 

10 [0005] Thus, there is a need for an apical foramen lo- 
catorthat can quickly and accurately identify the location 
of a tooth's apical foramen. 

Summary 

15 

[0006] The present invention provides an apical fo- 
ramen locator that a dental or medical practitioner can 
use to quickly and accurately identify the location of a 
tooth's apical foramen during a dental/medical proce- 

20 dure. The apical foramen locator determines the loca- 
tion of the apical foramen relative to a tool inserted into 
the patient's tooth by sensing an impedance to a stim- 
ulus voltage and retrieving from an impedance map api- 
cal foramen location data that corresponds to tho 

25 sensed impedance. The stimulus voltage can have a 
single frequency. Thus, the accuracy of the apical fo- 
ramen locator is not adversely affected by variations in 
the multiple frequencies of the stimulus voltage used in 
conventional locators. The apical forame'n location data 

30 in the impedance map is derived from reference teeth. 
And ; the apical foramen locator can include more than 
one impedance map appropriate for different tooth ge- 
ometries, such as a curved root or specific ranges of 
cementum thicknesses, or different tooth abnormalities, 

35 such as one or more lateral or accessory canals, one or 
more fillings, tooth decay, or lack of an apical constric- 
tion. Thus, the accuracy of the apical foramen locator 
can be enhanced for different tooth geometries or tooth 
abnormalities. 

40 [0007] In one aspect of the invention the apical fo- 
ramen locatorcan include a power circuit to apply a stim- 
ulus voltage across two electrodes and a reference re- 
sistor, wherein the reference resistor is connected to 
one of the electrodes. The apical foramen locator can 

45 also include an impedance-sensing circuit operable to 
read the stimulus voltage, a first voltage across the elec- 
trodes and a second voltage across the reference resis- 
tor. The apical foramen locator can also include a 
processing component operable to derive first and sec- 

so ond voltage indices from the applied stimulus voltage 
and the sensed first and second voltages. To determine 
the relative location of the apical foramen, tho process- 
ing component selects from the impedance map apical 
foramen location data that corresponds to the derived 

55 first and second voltage indices. 

[0008] In another aspect of the invention, impedance 
maps can be generated using the apical foramen locator 
on reference teeth. The impedance maps are generated 
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by recording distances between the tool and the apical 
foramen of a reference tooth, and recording the voltage 
indices associated with the tool at each distance. From 
these recordings, apical foramen location data are gen- 
erated. The reference teeth can include normal teeth or 
abnormal teeth, and the number of teeth used to gener- 
ate an impedance map can include a few or many. For 
example, the reference teeth used to generate an im- 
pedance map for normal molars can include a few nor- 
mal molars. And the reference teeth used to generate 
an impedance map for abnormal cuspids, bicuspids and 
incisors can include many cuspids, bicuspids and inci- 
sors having fillings or can include many cuspids, bicus- 
pids and incisors having accessory canals or many cus- 
pids, bicuspids and incisors having any other desired 
type of abnormality. Other impedance maps can be gen- 
erated from reference teeth subject to different condi- 
tions during the dental/medical procedure, such as a wet 
canal (a significant amount of a tooth's pulp in the tooth's 
canal), dry canal (a significant amount of a tooth's pulp 
not present in the tooth's canal), or any desired fluid in 
the tooth's canal. Thus, many different impedance maps 
corresponding to different tooth abnormalities can be 
generated. Consequently, the apical foramen locator 
can accurately provide the location of the apical foramen 
of abnormal teeth. 

[0009] In another aspect of the invention, a method 
for using the apical foramen locator to locate a patient's 
apical foramen during a dental/medical procedure, and 
a method for generating an impedance map are provid- 
ed. A method for locating a patient's apical foramen can 
include a) applying a stimulus voltage across two elec- 
trodes and a reference resistor, wherein one electrode 
contacts a tool inserted into the root canal of a patient 
and the other electrode contacts another region of the 
patient; b) sensing the stimulus voltage, a first voltage 
across the two electrodes and a second voltage across 
a reference resistor; c) deriving a first voltage index and 
a second voltage index from the stimulus, first and sec- 
ond voltages and d) selecting from an impedance map 
apical foramen location data that corresponds to the 
combination of the first and second voltage indices. 
[001 0] In another aspect, a method for generating an 
impedance map can include a) applying a voltage 
across two electrodes and a reference resistor, wherein 
one electrode contacts a tool inserted Into the root canal 
of a reference tooth and the other electrode contacts a 
surface of the same reference tooth; b) sensing the volt- 
age across the two electrodes and reference resistor; c) 
recording voltage indices derived from the applied volt- 
age and the sensed voltages; d) recording the distance 
between the tool inserted into the root canal and the 
tooth's apical foramen; d) moving the inserted tool to- 
ward the reference tooth's apical foramen; e) repeating 
the foregoing. 



Brief Description of the Figures 
[0011] 

5 FIG. 1 is a perspective view of an apical foramen 

locator according to an embodiment of the invention 
with an electrode attached to a tool in the patient's 
tooth and another electrode attached to the pa- 
tient's lip. 

FIG. 2 is a schematic diagram of the apical foramen 
locator in FIG. 1, according to an embodiment of the 
invention. 

FIG. 3 is a graph showing a range of possible volt- 
ages the apical foramen locator in FIG. 1 can sense. 

FIG. 4 is an Impedance map generated from refer- 
ence teeth thai includes a lable of apical foramen 
location data, according to an embodiment of the 
invention. 

FIG . 5 is a flow chart of a process for using the apical 
foramen locator in FIG. 1 to determine the location 
of a patient's apical foramen during a dental/medi- 
cal procedure, according to an embodiment of the 
invention. 

FIG. 6 is a flow chart of a process for generating an 
impedance map from reference teeth, according to 
an embodiment of the invention. 

Detailed Description 

[0012] The present invention provides an apical fo- 
ramen locator that a dental or medical practitioner can 
use to quickly and accurately identify the location of a 
patient's apical foramen during a dental/medical proce- 
dure. The apical foramen locator determines the loca- 
tion of the apical foramen relative to a tool inserted Into 
the patient's tooth by sensing an impedance — typically 
the voltage across two electrodes — and a stimulus 
voltage, and retrieving from an impedance map apical 
foramen location data that corresponds to the sensed 
impedance. By using an impedance map generated 
from reference teeth similar to the patient's tooth and a 
stimulus voltage having a single frequency, the apical 
foramen locator can quickly and accurately identify the 
location of a tooth's apical foramen. 
[001 3] The apical foramen locator can include a pow- 
er circuit operable to apply a stimulus voltage across two 
electrodes and a reference resistor, wherein the refer- 
ence resistor is connected to one of the electrodes. The 
apical foramen locator can also include an impedance- 
sensing circuit operable to read the stimulus voltage, a 
first voltage across the electrodes and a second voltage 
across the reference resistor. The apical foramen loca- 
tor can also include a processing component operable 
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to derive first and second voltage indices from the stim- 
ulus, first and second voltages. To determine the relative 
location of the apical foramen, the processing compo- 
nent selects from the impedance map apical foramen 
location data that corresponds to the derived first and 
second voltage indices. 

[0014] Impedance maps can be generated using the 
apical foramen locator on reference teeth and can be 
stored in a memory of the processing component. The 
impedance maps are generated by recording distances 
between the tool and the apical foramen of a reference 
tooth, and recording the voltage indices (hence the im- 
pedances) associated with the tool at each distance. 
From these recordings, apical foramen location data are 
generated. The reference teeth can include normal or 
abnormal teeth, such as teeth with one or more lateral 
or accessory canals that also extend between a tooth's 
root canal and the surrounding jawbone, teeth with fill- 
ings, looLh decay, or no apical constricLion. In addition, 
a few or many reference teeth can be used to generate 
an impedance map. Thus, many different impedance 
maps corresponding to different tooth abnormalities can 
be generated. Consequently, the apical foramen locator 
can quickly and accurately determine the location of tho 
apical foramen of abnormal and normal teeth. 
[0015] The scope of the present invention includes 
both means plus function and step plus function con- 
cepts. However, the terms set forth in this application 
are not to be interpreted in the claims as indicating a 
"means plus function" relationship unless the word 
"means" is specifically recited in a claim, and are to be 
interpreted in the claims as indicating a "means plus 
function" relationship where the word "means" is specif- 
ically recited in a claim. Similarly, the terms set forth in 
this application are not to be interpreted in method or 
process claims as indicating a "step plus function" rela- 
tionship unless the word "step" is specifically recited in 
the claims, and are to be interpreted in the claims as 
indicating a "step plus function" relationship where the 
word "step" is specifically recited in a claim. 
[0016] All terms used herein, including those specifi- 
cally described below in this section, are used in accord- 
ance with their ordinary meaning unless the context or 
definition indicates otherwise. Also unless indicated oth- 
erwise, except within the claims, the use of "or" includes 
"and" and vice-versa. Non-limiting terms are not to be 
construed as limiling unless expressly slated (for exam- 
ple, "including" and "comprising" mean "including with- 
out limitation" unless expressly stated otherwise). 
[0017] FIG. 1 is a perspective view of an apical fo- 
ramen locator 1 0 according to an embodiment of the in- 
vention with an electrode 12 attached to a file 1 4 in the 
patient's tooth 16 and another electrode 18 attached to 
the patient's lip 20. In this and certain other embodi- 
ments, the locator 10 includes electronic circuits and 
components (not shown but discussed in greater detail 
elsewhere herein) for applying a stimulus voltage across 
the electrodes 12 and 18, sensing the impedance be- 



tween the electrodes 12 and 18, and selecting apical 
foramen location data from an impedance map (not 
shown but discussed in greater detail elsewhere herein) 
stored in the locator 10. The locator 10 also includes a 
5 display 22 for presenting selected apical foramen loca- 
tion data to a dental or medical practitioner. 
[0018] The display 22 can be any desired display ca- 
pable of presenting apical foramen locaiion data to the 
dental or medical practitioner. For example, in this and 
10 certain other embodiments, the display 22 can include 
lights 24 and 25 that can operate in a single mode, per- 
sistent mode, or a logarithmic march mode. In the single 
mode, an end light 25 can represent the point where the 
file 14 is at the tooth's apical foramen 26 or substantially 
15 close to the tooth's apical foramen 26. The other lights 
24 can indicate the distance between the tip of the file 
14 and the apical foramen 26 by their proximity to the 
end light 25. Thus, as the tip of the file 14 approaches 
the tooth's apical roramen 26, single lights 24 are turned 
20 "on" and then "off" and appear to march toward the end 
light 24. In the persistent mode, the lights 24 and 25 can 
indicate the distance of the tip of the file 1 4 to the apical 
foramen 26 in a similar manner to the single light mode 
except the lights are not turned "off" after the tip of tho 
25 tool 14 continues toward the apical foramen 26. In the 
logarithmic march mode, the number of lights 24 and 25 
turned "on" can indicate the distance between the tip of 
the tool 14 and the apical foramen 26. 
[0019] Still referring to FIG. 1 , in othenembodiments, 
30 the lights of the display can be color-coded as desired 
to provide the dental or medical practitioner an easily 
recognizable indication of the apical foramen's location. 
Additionally or alternatively, the display can include any 
desired sound to indicate the distance between the tip 
35 of the tool 14 and the apical foramen 26. For example, 
the display can provide beeps that can indicate the dis- 
tance between the tip of the tool 14 and the apical fo- 
ramen 26 based on the tone of the beep, the number of 
beeps or time between multiple beeps. In still other em- 
40 bodiments, the display can be a backlit liquid crystal dis- 
play that presents text to the dental or medical practi- 
tioner or the display can be a video display that presents 
images to the dental or medical practitioner. 
[0020] Still referring to FIG. 1 , in this and certain other 
45 embodiments, the apical foramen locator 1 0 can include 
mode buttons 28 for selecting an impedance map ap- 
propriate for the patient's loolh and for changing how 
the apical foramen location data is displayed to the den- 
tal or medical practitioner. Thus, a dental or medical 
so practitioner can quickly change impedance maps as de- 
sired. In addition, the dental or medical practitioner can 
receive the apical foramen location data in a manner 
that he/she is most comfortable with. 
[0021] FIG. 2 is a schematic diagram of electrical 
55 components and circuits included in the apical foramen 
locator 1 0 in FIG. 1 , according to an embodiment of the 
invention. In this and certain other embodiments, the lo- 
cator 10 includes a power circuit 30 for applying a stim- 
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ulus voltage across the electrodes 12 and 1 8 and a ref- 
erence resistor 32, The locator 10 also includes an im- 
pedance-sensing circuit 34 for sensing the voltage 
across the electrodes 12 and 18, sensing the voltage 
across the reference resistor 32 and sensing the stimu- 
lus voltage. The locator 10 also includes a processing 
component 36 for deriving first and second voltage in- 
dices and selecting apical foramen location data from 
an impedance map stored in a memory 38 of the 
processing component 36. 

[0022] In this and certain other embodiments, the 
power component 30 can include a power generator 40 
for generating a stimulus voltage and a filter 42 for re- 
moving undesired voltage amplitudes in the stimulus 
voltage, thus changing the waveform of the stimulus 
voltage. The power generator 40 can be any conven- 
tional power generator capable of producing a voltage 
having any desired frequency and wave form such as a 
sine wave or a square wave. The filler 42 can be any 
conventional filter capable of isolating the desired stim- 
ulus voltage and waveform. For example, in this and cer- 
tain other embodiments, the power generator 40 can 
produce a five volt peak-to-peak square wave with a fre- 
quency of 30 kilohertz (kHz) and the filter 42 can be a 
low-pass filter that can produce a 100 millivolt (mV) 
peak-to-peak sine wave with the same frequency. 
[0023] By iUsing a stimulus voltage having a single fre- 
quency, the apical foramen locator 10 can provide more 
accurate information about the location of a tooth's api- 
cal foramen relative to the tip of the tool 1 4. Power gen- 
erators typically produce a voltage whose frequency in- 
cludes minor variations. For example, a voltage having 
a frequency of 30 kHz can have a frequency between 
30.01 kHz and 29.99 kHz. Because the apical foramen 
locator 10 and conventional locators sense the imped- 
ance, which includes some capacitance, between two 
electrodes to determine the position of a tooth's apical 
foramen, variations in the stimulus voltage's frequency 
can affect the accuracy of these locators. Consequently, 
the accuracy of locators that use a stimulus voltage hav- 
ing two or more frequencies can be subject to minor var- 
iations in either or all of the frequencies. Thus s the fewer 
the number of frequencies included in the stimulus volt- 
age, the more accurate the apical foramen can become. 
Consequently, by using a stimulus voltage having a sin- 
gle frequency, the apical foramen locator 10 can be 
more accurate than conventional locators that use mul- 
tiple frequencies. 

[0024] Still referring to FIG. 2, in other embodiments, 
the filter 42 can be adjustable to provide any desired 
modification of the stimulus voltage generated by the 
power generator 40. Additionally or alternatively, the 
power generator 40 can be adjustable to provide any 
desired voltage with any desired waveform at any de- 
sired frequency. 

[0025] Still referring to FIG. 2, the reference resistor 
32 can be any desired conventional resistor. For exam- 
ple, in this and. certain other embodiments, the resistor 



32 can be a 2,320 Ohm resistor. Additionally or alterna- 
tively, the reference resistor 32 can be adjustable to pro- 
vide any desired resistance. This may also be desirable 
when different impedance maps are generated using 
5 apical foramen locators having reference resistors with 
different resistance values. 

[0026] Still referring to FIG. 2, in this and certain other 
embodiments, the impedance-sensing circuit 34 can in- 
clude an amplifier 46 and leads 48a and 48b for sensing 

10 the stimulus voltage, leads 50a and 50b for sensing a 
first voltage or the voltage across the electrodes 12 and 
1 8, and leads 52a and 52b for sensing a second voltage 
or voltage across the reference resistor 32. The ampli- 
fier 46 can read the stimulus, first and second voltages, 

is and can amplify these voltages for the processing com- 
ponent 36. Leads 54, 56 and 58 can then convey the 
amplified stimulus, first and second voltages, respec- 
tively, to the processing component 36. 
[0027] Still referring to FIG. 2, in this and certain other 

20 embodiments, the processing component 36 can in- 
clude a microprocessor 60 and memory 38 for perform- 
ing functions such as executing software to perform 
tasks. The processing component 36 can also include 
an analogue-to-digital converter 62 for converting the 

25 stimulus, first and second voltages from the amplifier 46 
into digital data that the microprocessor 60 can use. 
From the digital data, the microprocessor 60 can derive 
a first voltage index and a second voltage index. The 
microprocessor 60 can use these first and second volt- 

30 age indices to select apical foramen location data from 
an impedance map stored in the memory 38. 
[0028] Still referring to FIG. 2, the first and second 
voltage indices can be derived in any desired manner 
as long as the derivation of the first and second voltage 

35 indices by the microprocessor 60 is consistent with the 
derivation of the indices of the desired impedance map. 
For example, in this and certain other embodiments, the 
first and second voltage indices are derived from ratios 
of the stimulus, first and second voltages to the other 

40 voltages. 

[0029] Still referring to Fig. 2, in this and certain other 
embodiments, the memory 38 can be fixed to the 
processing component 36, removably attachable to the 
processing component 36, or can include a portion that 

45 is fixed and another portion that Is removably attachable 
to the processing component 36. For example, the 
memory 38 can include any desired removable storage 
media such as a floppy disc, compact disc, magnetic 
tape or removable hard drive that can store an imped- 

50 ance map and instructions for the microprocessor 60. 
[0030] Still referring to FIG. 2, in operation, a dental 
or medical practitioner inserts the tool 14 (FIG. 1) into 
the root canal of a patient's tooth, attaches the electrode 
12 to the tool 14 and attaches the electrode 18 to the 

55 patient's lip 20 (FIG. 1 ). The dental or medical practition- 
er then turns "on" the apical foramen locator 10. Alter- 
natively, the dental or medical practitioner can first turn 
"on" the apical foramen locator 10 and then attach the 
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electrodes 1 2 and 1 8. In operation, the power circuit 30 
generates a stimulus voltage having a single frequency 
across the electrodes 12 and 18 and the reference re- 
sistor 32. The amplifier 46 of the impedance-sensing 
component senses the first voltage across the elec- 
trodes 1 2 and 1 8, senses the second voltage across the 
reference resistor 32 and senses the stimulus voltage. 
The amplifier 46 then amplifies these voltages. The an- 
alogue-to-digital converter 62 of the processing compo- 
nent 36 receives these voltages and converts them into 
digital data. The microprocessor 60 receives the digital 
data and derives first and second voltage indices from 
this data. After deriving the indices, the microprocessor 
60 selects apical foramen location data from an imped- 
ance map that corresponds to the derived indices. The 
microprocessor 60 then instructs the display 22 to 
present the apical foramen location data. This process 
is continuously repeated as the dental or medical prac- 
titioner moves the tool 14 toward the tooth's apical fo- 
ramen 26 (FIG. 1). 

[0031] FIG. 3 is a graph showing a range of possible 
first voltages across the electrodes 12 and 18 (FIGS. 1 
and 2) and possible second voltages across the refer- 
ence resistor 32 (FIG. 2) that can bo sensed by the im- 
pedance-sensing circuit 34 (FIG. 2). FIG. 4 is an imped- 
ance map generated from reference teeth that includes 
a table of apical foramen location data, according to an 
embodiment of the invention. 

[0032] Referring to FIG. 3, when the electrodes 12 
and 1 8 are attached to a patient as discussed elsewhere 
herein, the impedance between the electrodes 12 and 
1 8 typically includes a resistive element and a capacitive 
element. The line 62 represents the first and second 
voltages that the impedance-sensing circuit 34 would 
sense if the impedance between the electrodes 12 and 
1 8 only included a capacitive element. The line 64 rep- 
resents the first and second voltages that the imped- 
ance-sensing circuit 34 would sense if the impedance 
between the electrodes 1 2 and 1 8 only included a resis- 
tive element. The location on the graph where the sec- 
ond voltage is zero and the first voltage equals the stim- 
ulus voltage, the lines 62 and 64 intersect and is analo- 
gous to an open circuit between electrodes 12 and 18. 
The location on the graph where the first voltage is zero 
and the second voltage equals the stimulus voltage, the 
lines 62 and 64 intersect and is analogous to a short 
across the electrodes 12 and 18. Consequently, the re- 
gion 66 defined by the area between the lines 62 and 
64 represents the possible first and second voltages 
sensed by the impedance-sensing circuit 34. 
[0033] Still referring to FIG. 3, as a dental or medical 
practitioner moves the file 14 (FIGS. 1 and 2) toward or 
away from the apical foramen of a tooth , the impedance, 
as represented by the first and second voltages, sensed 
by the impedance-sensing circuit can be plotted in the 
region 66. For example, when the file 14 is initially In- 
serted into a tooth, the impedance-sensing component 
34 may sense a first voltage that is approximately one 



half of the stimulus voltage and a second voltage that is 
slightly greater than the first voltage (indicated by the 
point 68). Then, when the file 14 is closer to the tooth's 
apical foramen, the impedance-sensing component 34 

5 may sense a first voltage that is greater than one half of 
the stimulus voltage and a second voltage that is also 
greater than one half of the stimulus voltage (indicated 
by the point 70). , 
[0034] Thus, an association between the location of 

10 the tip of the file 14 relative to the apical foramen of a 
tooth, and the first and second voltages sensed by the 
impedance-sensing circuit 34 can be plotted to generate 
an impedance map. And in turn, this association and an 
impedance map can be used to determine the location 

15 of the apical foramen in a patient's tooth relative to the 
tip of a tool during a procedure. 

[0035] Referring to FIG. 4, in this and certain other 
embodiments, an impedance map 72 is generated from 
reference leelh and includes a first vollage index 74, a 

20 second voltage index 76 and apical foramen location da- 
ta 78. The impedance map 72 corresponds each com- 
bination of the first and second voltage indices 74 and 
76 with specific apical foramen location data 80. Thus, 
during a dontal/modical procedure, apical foramen lo- 

25 cation data 80 is retrieved by the microprocessor 60 
(FIG. 2) based on the first and second voltage indices 
derived during the procedure, and provides the dental 
or medical practitioner an indication of the tool tip's lo- 
cation relative to the patient's apical foramen. 

30 [0036] The reference teeth used to generate the im- 
pedance map 72 can include teeth that have a similar 
physical geometry, such as a curved root or specific 
ranges of cementum thicknesses, or a similar abnormal- 
ity, such as one or more lateral or accessory canals, fill- 

35 ings, tooth decay, or lack of an apical constriction. In ad- 
dition, the number of reference teeth used can be any 
number desired. For example, the reference teeth used 
to generate an impedance map for normal molars can 
include a few molars that have a substantially straight 

40 root. Likewise, the reference teeth used \o generate an 
impedance map for abnormal cuspids, bicuspids, or in- 
cisors can include many cuspids, bicuspids, or incisors 
having fillings or can include many cuspids, bicuspids, 
or incisors having lateral accessory canals or many cus- 

45 pids, bicuspids, or incisors having any other desired 
type of abnormality. Other Impedance maps can include 
reference leelh subject to different conditions during a 
dental/medical procedure, such as a wet canal (a sig- 
nificant amount of a tooth's pulp in the tooth's canal), dry 

50 canal (a significant amount of a tooth's pulp not present 
in the tooth's canal), or any desired fluid in the tooth's 
canal. Thus, many different impedance maps corro- 
. sponding to different tooth abnormalities can be gener- 
ated. Consequently, the apical foramen locator can ac- 

55 curately provide the location of the apical foramen of 
teeth having different geometries or abnormalities. 
[0037] Still referring to FIG. 4 ; to generate the apical 
foramen location data 78, and first and second voltage 
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indices 74 and 76, the apical foramen locator 1 0 (FIGS. 
1 and 2) senses the impedance of each reference tooth 
as the file 14 (FIGS. 1 and 2) is moved toward or away 
from the reference tooth's apical foramen. These 
sensed impedances and the distance of the file 14 rel- 
ative to the reference tooth's apical foramen when the 
impedance was sensed are recorded. From these re- 
cordings, the apical foramen location data 78, and first 
and second voltage indices 74 and 76 are generated. 
Thus, during a dental/medical procedure, the first and 
the second voltage indices derived by the microproces- 
sor 60 (FIG. 2,) is matched with a first and a second 
voltage index in the impedance map, and the corre- 
sponding apical foramen location data provides the lo- 
cation of the file 14 relative to the patient's apical fo- 
ramen. , 

[0038] FIG. 5 is a flow chart of a process for using the 
apical foramen locator in FIG. 1 to determine the loca- 
tion of a patient's apical foramen during a denial or med- 
ical procedure, according to an embodiment of the in- 
vention. 

[0039] In this and certain other embodiments, at step 
82, a dental or medical practitioner first determines the 
physical geometry of the patient's tooth and whether any 
tooth abnormalities exist. The dental or medical practi- 
tioner can determine these by taking a radiograph of the 
patient's tooth or by visually inspecting the tooth or by 
any desired method. Next, at step 84, the dental or med- 
ical practitioner can select an appropriate impedance 
map 72 (FIG. 4). As discussed elsewhere herein, the 
appropriate impedance map 72 can already be stored 
in the memory 38 (FIG. 2) of the processing component 
36 (FIG. 2) or the appropriate impedance map 72 can 
be loaded into the memory 38 of the processing com- 
ponent 36. Then , at step 86, the dental or medical prac- 
titioner can insert a file 14 (FIGS. 1 and 2) into the root 
of the patient's tooth, can attach an electrode 12 (FIGS. 
1 and 2) to the file 1 4 and an electrode 1 8 to the patient's 
lip 20 (FIG. 1 ) and can turn "on" the apical foramen lo- 
cator 1 0 (FIGS. 1 and 2). Then, at step 88, the dental or 
medical practitioner can move the file 1 4, and the apical 
foramen locator 10 can display the tool tip's location rel- 
ative to the tooth's apical foramen. 
[0040] FIG. 6 is a flow chart of a process for generat- 
ing an impedance map from reference teeth, according 
to an embodiment of the invention. 
[0041] In this and cerlain other embodiments, at step 
90, an electrode of the apical foramen locator 1 0 (FIGS. 
1 and 2) can be inserted into the root of a reference tooth 
and another electrode of the apical foramen locator 10 
can be placed in electrical contact with the surface of 
the reference tooth. In other embodiments, the elec- 
trode can be inserted into the root of a reference tooth 
and the other electrode can be placed in electrical con- 
tact with a lip model that mimics the impedance of the 
tissue around the outside surface of a patient's tooth. 
Then, at step 92, the apical foramen locator 1 0 can apply 
a stimulus voltage across the electrodes and across the 



reference resistor 32 (FIG. 2). Then, at step 94, the api- 
cal foramen locator 1 0 can sense a first voltage across 
the electrodes and a second voltage across the refer- 
ence resistor 32. At step 95, first and second voltage 
5 indices can be derived from the stimulus, first and sec- 
ond voltages. At step 96, the distance between the elec- 
trode and the reference tooth's apical foramen can be 
measured. This distance and the first and second volt- 
age indices derived at this distance can then be record- 
10 ed. Then, at step 98, the electrode inserted into the ref- 
erence tooth can be moved toward the tooth's apical fo- 
ramen. At step 100, if this electrode has not protruded 
through the reference tooth's apical foramen, then steps 
92 through 98 can be repeated. If, however, the elec- 
ts trode does protrude through the apical foramen, then 
the electrode can be removed from the reference tooth. 
At step 102, If additional reference teeth remain to be 
used then steps 90 through 100 can be repeated. 
[0042] Although systems and methods for locating a 
20 tooth's apical foramen have been described in consid- 
erable detail with reference to certain embodiments for 
purposes of illustration, other embodiments are possi- 
ble. Therefore the spirit and scope of the appended 
claims should not be limited to the above description of 
25 the embodiments; the present inventions include suita- 
ble modifications as well as all permutations and com- 
binations of the subject matter set forth herein. 

30 Claims 

1 . An apical foramen locator comprising: 

a power circuit operable to generate a stimulus 
35 voltage across two electrodes and across a ref- 

erence resistor connected to one of the elec- 
trodes; 

an impedance-sensing circuit operable to 
40 sense the stimulus voltage, a first voltage 

across the two electrodes and a second voltage 
across the reference resistor; 

at least one impedance map including apical fo- 
45 ramen location data corresponding to a combi- 

nation of a first voltage index and a second volt- 
age index wherein the apical foramen location 
data is generated from reference teeth; 

50 a processing component including a memory 

storing the at least one impedance map and a 
microprocessor that is operable to derive the 
first and second voltage indices from the volt- 
ages sensed by the impedance-sensing circuit 

55 and to select from the impedance map apical 

foramen location data that corresponds to the 
first and second voltage indices; and 
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a display operable to present the selected api- 
cal foramen location data. 

2. The locator of claim 1 wherein the stimulus voltage 
has a single frequency. 

3. The locator of claim 1 wherein the stimulus voltage 
includes a voltage having a waveform and a fre- 
quency. 

4. The locator of claim 1 wherein the power circuit in- 
cludes a filter operable to modify the stimulus volt- 
age before the impedance-sensing circuit senses 
the stimulus voltage. 

5. The locator of claim 4 wherein the filter is operable 
to modify the stimulus voltage to Include a 100mV 
peak-to-peak sine wave at 30 KHz. 

6. The locator of claim 1 wherein one of the electrodes 
includes a lip clip and the other electrode is con- 
nected to a file. 

7. The locator of claim 1 wherein the impedance sens- 
ing circuit includes an amplifier operable to amplify 
at least one of the following voltages, the stimulus 
voltage, the first voltage and the second voltage. 

8. The locator of claim 1 wherein the processing com- 
ponent includes an analogue-to-digital converter 
operable to generate digital data from each of the 
respective stimulus, first and second voltages. 

9. The locator of claim 1 wherein the apical foramen 
location data represents the location of a tip of a tool 
relative to a patient's apical foramen. 

10. The locator of claim 1 wherein: 

the first voltage index is derived from the stim- 
ulus voltage and the first voltage; and 

the second voltage index is derived from the 
stimulus voltage and the second voltage. 

11. The locator of claim 10 wherein: 

the first voltage index includes a ratio of the 
stimulus voltage to the first voltage and 

the second voltage index includes a ratio of the 
stimulus voltage to the second voltage. 

12. The locator of claim 1 wherein: 

one of the electrodes is connected to a tool in- 
serted into the a root canal of a patient's tooth; 
and 



10 



15 



the display includes at least one of the follow- 
ing: 

a visual display that indicates the location 
of a tip of the tool relative to the patient's 
apical foramen; and 

an aural display that includes sounds to in- 
dicate the location of a tip of the tool relative 
to the patient's apical foramen. 

13. The locator of claim 1 further comprising a mode 
button operable to select an impedance map that 
the processing component uses to select apical fo- 
ramen location data. 



20 



25 



14. A method for locating an apical foramen of a pa- 
tient's tooth, comprising: 

applying a slimuius voltage across two elec- 
trodes and a reference resistor^ wherein one 
electrode contacts a tool inserted into the root 
canal of the patient and the other electrode con- 
tacts another region of the patient; 

sensing the stimulus voltage, a first voltage 
across the two electrodes and a second voltage 
across the reference resistor; and 

deriving a first and second voltage index from 

30 the stimulus, first and second voltages; and 

i 

selecting from an impedance map apical fo- 
ramen location data that corresponds to the 
combination of the first and second voltage in- 
35 dices. 

15. The method of claim 14 wherein another region of 
the patient includes the tip of the patient. 

40 16. The method of claim 14 wherein: 

deriving the first voltage index includes deriving 
a ratio between the stimulus and first voltages; 
and 

45 

deriving the second voltage index Includes de- 
riving a ratio between the slimuius and second 
voltages. 

so 17. The method of claim 14 further comprising display- 
ing the selected apical foramen location data. 

t 

18. The method of claim 17 wherein displaying the se- 
lected apical foramen data includes at least one of 
55 the following: 

presenting at least one of the following: text and 
images; 
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turning on a light; and 
providing a sound. 

19. The method of claim 14 further comprising: 

moving the tool toward the apical foramen of 
the patient's tooth; and 

reading the stimulus voltage, the first voltage 
and the second voltage as the tool is moved. 

20. The method of claim 14 further comprising selecting 
an impedance map. 

21 . The method of claim 1 4 further comprising selecting 
an impedance map generated by reference teeth 
having at least one of the following, the same or 
substantially the same physical geomelry as the pa- 
tient's tooth and the same or substantially the same 
abnormality as the patient's tooth. 

22. The method of claim 21 wherein selecting an im- 
pedance map includes comparing at least one of 
the following characteristics of a patient's tooth, 
physical geometry and abnormality, to a respective 
characteristic of the reference teeth used to gener- 
ate the impedance map. 

23. The method of claim 14 further comprising: 

inserting a tool into a root canal of the patient's 
tooth; and 

contacting the tool with an electrode. 

24. An impedance map generated from reference teeth 
for use with an apical foramen locator, comprising: 

first voltage indices; 

second voltage indices; and 

apical foramen location data corresponding to 
a combination of one of the first and one of the 
second voltage indices. 
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30 



of an apical constriction. 

28. The method of claim 24 wherein the reference teeth 
include the same or substantially the same physical 
geometry. 

29. A method for generating an impedance map from 
reference teeth for use with an apical foramen loca- 
tor, comprising: 

applying a voltage across two electrodes and a 
reference resistor, wherein one electrode con- 
tacts a tool inserted into the root canal of one 
of the reference teeth and the other electrode 
contacts a surface of the same reference tooth; 

sensing the voltage across the two electrodes 
and the reference resistor; 

recording voltage indices derived from the ap- 
plied voltage and the sensed voltages; 

recording the distance between the tool insert- 
ed into the root canal and the tooth's apical fo- 
ramen; 

moving the inserted tool toward the reference 
tooth's apical foramen; and 

repeating the acts. 

30. The method of claim 29 further comprising repeat- 
ing the process using another one of the reference 
teeth. 



35 



40 



45 



25. The map of claim 24 wherein the reference teeth 
include at least one of the following teeth: molars, 
bicuspids, cuspids and incisors. 



50 



26. The map of claim 24 wherein the reference teeth 
are normal. 



27. The map of claim 24 wherein the reference teeth 
include at least one of the following abnormalities, 
at least one accessory canal, at least one lateral ca- 
nal, at least one filling, tooth decay and an absence 
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FIG. 5 
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DENTAL PRACTITIONER SELECTS IMPEDANCE 
MAP TO BE USED DURING PROCEDURE 

\ : 

DENTAL PRACTITIONER INSERTS A TOOL INTO 
THE PATIENTS ROOT CANAL AND TURNS ON 
APICAL FORAMEN LOCATOR 
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DENTAL/MEDICAL PRACTITIONER MOVES TOOL 

IN THE TOOTH'S ROOT AND THE APICAL 
FORAMEN LOCATOR DISPLAYS LOCATION OF 
TOOL'S TIP 
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